A large number of Xanthomonas citri isolates representing five major citrus regions (excluding quarantined canker-free export areas involved) were tested for their susceptibility to Wakimoto's phages CP1 and CP2. Throughout the regions, CP2-sensitive strains were predominantly widespread in Satsuma orange plantings while in plantings of other varieties, both CP1-sensitive and CP2-sensitive strains occur in varying ratios. Geographical pattern of the strain distribution was not distinct. Two different strains can occur in mixture on one leaf of a tree but one single lesion is usually composed of one homologous strain.
were resistant to both CP1 and CP2. None out of 2514 isolates examined in intensive spot surveys was resistant to both phages. No indication was recognized for the presence in clusters of immune strains in any part of the covered regions. Intraspecific lysis spectrum of CP1 plus CP2 is comprehensive enough to include virtually all X. citri strains which occur in Japanese citrus export regions.
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In Japan, Wakimoto's phages CP1 and CP2 have been well known as two representative virulent phages which specifically attack citrus canker bacteria, Xanthomonas citri (HASSE) DOWSON6). Host specificity of these phages is generally well defined in that majority of CP1-sensitive X. citri strains are resistant to CP2 while most of CP2-sensitive strains are conversely resistant to CP1. To conform with the United States plant quarantine requirements which accompanied her revision of Quarantine
No.26 in 1967, Japan has since 1968 implemented, among manifold phytosanitary actions, a phage test procedure as a final step to ensure freedom of export fruits from the citrus canker organisms.
Phage CP1 and CP2 were adopted in this test on the basis of Wakimoto's finding that nearly all X. citri strains he collected from scattered regions in Japan were lysed by either of these two phages2,6). In view of the limited scope of his studies and particularly because the strains he did examine from Satsuma orange sources (our leading export variety) were quite small in numbers, an open question has been left whether the use of only these two phages is warranted or not. Hence, the author has launched upon a series of extensive surveys on the distribution of both sensitive and resistant strains of X. citri in major citrus regions that are concerned with Satsuma orange toward the United States. Results accumulated up to date are presented here. Figure 1 .
In each orchard, three to four spots of heavily infected trees were chosen. A minimum of three trees adjacent to each other were selected in each spot and several leaves with plural canker lesions were plucked separately from three different sides of each tree top.
For the isolation of bacteria, three lesions were punched out of one leaf and each single lesion was cultured by the dilution technique. As far as the bacterial recovery allowed, a minimum of five single colonies were collected from one lesion culture and subjected to the subsequent phage sensitivity tests. Phage sensitivity tests Phage sensitivity of X. citri isolates was determined as follows; The bacterial cultures were refreshed on PSA slants for 18-24 hours at 25C and suspended in sterle distilled water at the concentration of 108 cells per ml. Phages were diluted in PS medium at a titre of 103-104 plaque forming units per ml. A mixture of 2ml of the bacterial inoculum and 0.1ml of the phage dilution was plated with 3 to 5ml of PSA medium and incubated at 25C for plaque formation. Prior to this procedure, a qualitative test had been made by placing one droplet of high titre phage suspension on the agar layer seeded with each isolate to be tested. For those isolates that remained negative in these tests, plaque formation was tried by the double layer technique1) by using different doses of the bacterial inocula (107 to 108 cells per plate). Those isolates which gave no lytic reaction through a series of five such tests were classified as resistant strains.
During the initial stage of this investigation, the author has become increasingly aware that the phage sensitivity of X. citri cultures undergoes frequent degeneration in the course of preservation by transfers. In order to reflect the sensitivity in vivo of X. citri strains as is possessed in nature, all isolates were tested as soon as possible after the isolation i. e. within a maximum period of two months and of two serial transfers.
Results and Discussions
Wide range surveys Distribution patterns of X. citri strains:
Results obtained from the year 1968 through 1971 are summarized in Table 1 . As a whole, a very contrasting pattern in the distribution of X. citri strains can be noted in that a great majority of the isolates from Satsuma orange sources are CP2-sensitive whereas in those from other varieties, both CP1-sensitive and CP2-sensitive 
Phage resistant strains:
Another distinct feature that has revealed in these surveys is that the incidence of phage resistant strains is unexpectedly low. Out of a grand total of 1256 isolates tested, only 17 (1.4 percent) were totally resistant to both CP1 and CP2. Relatively higher percentages were encountered in two individual series: one in the isolates from non-Satsuma sources in Ehime (8.1 percent) and the other in those from Satsuma sources in Wakayama (3.7 percent). These figures, however, should be interpreted as a result of the small numbers of specimens examined in these series rather than a direct indication for the actual presence in such ratios of resistant strains in these particular districts. Moreover, what is to be specifically emphasized here is the fact that the appearance of phage resistant strains was extremely casual and sporadic. There was no sign whatsoever of a possible localization of such strains in any part of a locality or of an orchard or even of a tree. In view of the scope of these surveys which is unsurpassed by earlier workers in Japan, there seems little possibility for the clustered distribution of resistant strains throughout the covered districts.
Intensive spot surveys Mode of distribution of X. citri strains: Results are given in Table 2 .
In Orchard A, 94 leaves were taken from three different portions of 9 individual Satsuma trees.
Altogether, 1218 isolates were examined from a total of 216 canker lesions. Most of the isolates were CP2-sensitive while the rest was sensitive to both CP1 and CP2. That the dual sensitivity is intrinsic to the latter group was confirmed by the homologous reaction of a number of single cell progenies of a few representative isolates. These strains were detected, respectively, from 3 out of 9 trees, 5 out of 27 portions, 8 out of 94 leaves and 16 out of 216 lesions. They were found to occur singly on 5 leaves and together with CP2-sensitive strains on 3 leaves. Likewise, they were recovered singly from 13 out of 16 lesions and in mixture with CP2-sensitive strains from the rest of 3 lesions. Not without some exceptions, therefore, one can say that one single lesion of citrus canker is composed of one single strain of the causal bacteria. Distribution pattern in Orchard B
were rather simple and well delimited. All Satsuma trees in Spot I, II, III had only CP2-sensitive strains while Iyokan and Natsudaidai trees in Spot IV produced either CP1-sensitive strains, CP2-sensitive strains or both strains. On one Natsudaidai tree that was concurrently infected with the two strains, 1 lesion was composed of both strains, all the rest of 7 lesions being made up of one strain which was either CP1-sensitive or CP2-sensitive. Orchard C was also characterized by the prevalence of CP2-sensitive strains. Only in Spot II was found a mixed presence of the two strains.
All the individual lesions examined in this orchard consisted of one homologous strain.
Phage resistant strains: Unexpectedly enough, none out of a sum total of 2405 isolates examined in these spot surveys was resistant to both phages. Similar results were obtained in the surveys of the same design in Shizuoka prefecture where three widely separated plantings were selected. These data were not included in Table 2 For as yet unknown reasons, phage sensitivity of X. citri often succumbs to varying degrees of modification during the growth on culture medium. The sensitivity to phage CP2 is particularly unstable. In many instances, it undergoes fatal deterioration which is hardly reversible by the conventional serial transfers. As they rightfully mentioned in their report, one possible explanation for the relatively higher rate of encounters with resistant strains in Goto-Starr's work is inadvertent selection of those strains that have lost sensitivity during a long spell of preservation. Conversely, the quantitative similarity of the findings of Serizawa's and of the author's might well have been derived from the use of newly harvested cultures in both cases.
In the light of the comprehensive covering of our major citrus export regions and also of a sizable number of isolates examined in the present surveys, it is concluded that the occurrence of resistant strains in natural conditions in Japan is indeed casual and rare. Circumstantial evidence also suggests for a possibility that even this rare emergence is incidental to a phenotypic status of the harvested cultures being tested. On the other hand, these findings also substantiate that the use of two phages CP1 and CP2 for the detection of citrus canker bacteria remains to be a reasonable as well as inevitable choice inasmuch as there are no other phages available for use in place of or in combination with these two. As far as the lysing ability is concerned, the divalent phage preparation consisting of CP1 and CP2 is effective for practically all X. citri strains that are known in major citrus districts in Japan.
